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Abstract 
This paper is focused on describing of probable wave structures in gaseous and plasma medium with energy source depended on 
temperature and density. Such media can be found in natural and laboratory condition. Previously it has been shown, that 
isentropic instability presence can result in formation of autowave pulses sequence. In this paper we will show differences in 
autowave perturbation structures. The cases of gaseous heat-releasing medium and plasma heat-releasing medium with regard for 
influence of magnetic field will be considered. In our investigation we have used full equation system of hydrodynamics and 
magnetohydrodynamics for meda with heat-release. The autowave structure parameters have been defined by the use of nonlinear 
equations obtained up to quantities of the second order of smallness. 
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1. Introduction 
Recent years have seen a considerable amount of paper oriented on wave structure investigation of acoustic and 
magnetoacoustic waves propagating in the thermally unstable medium. Numerous papers in this field of science are 
result of a strong interest to wave dynamics in the thermally unstable media, which are one type of the non-adiabatic 
media. The non-adiabatic wave dynamic in this medium is related to the temperature and density dependence of the 
heating (cooling) rate of the medium. These media can be natural, such as interstellar medium [1,2], stellar 
magnetosphere (in particular, solar corona) [3-5] and many others. Furthermore, they can occur in laboratory 
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experiments. The work media of perspective prototypes of the thermonuclear reactors, where heating and 
confinement of plasma is achieved with the strong magnetic field influence, are examples of such media [6]. 
There are number of analogies between tokomak plasma phenomena and phenomena in interstellar media. For 
example, photosphere granulation, sun spots and prominences represent the result of rhe complex plasma motion in 
the solar atmosphere. In this case, plasma acts just like a continuous conductive medium. This type of the turbulent 
motion is very close to the turbulence in liquids and called the magnetohydrodynamic turbulence. It can be observed 
in conditions of the space plasma as well as in conditions of the laboratory plasma, for example, in the case of the 
stable plasma confinement by the external magnetic field. Moreover, conditions for thermal instabilities can be 
satisfied either in space and laboratory plasma. The thermal instability influence is associated with the radiative 
collapse leading to disruption, multifaceted asymmetric radiations from the edge (MARFEs), filamentary structure 
formation of the interstellar cloud and many other phenomena. 
In this paper, we provide a comparison of weak wave structures in the case of the isentropic instability influence 
on wave dynamics in gaseous and plasma media. 
2. Analytical investigation 
The wave structure analysis has been conducted by the use of the basic equation system of hydrodynamics and 
magnetohydrodynamics. These systems have been modified to take into account the influence of the heating and 
cooling processes in the medium. 
The full system of hydrodynamic equations describing processes in non-adiabatic media with the temperature and 
density depended heat-release source includes equation of continuity (1), motion equation (2), heat transfer equation 
(3) and equation of state (4). The non-adiabatic wave dynamic is a result of taking into account the influence of the 
heating and cooling processes in the medium. In general these processes can be described by the use of so-called 
heat-loss function (5) [7-10]. It should be mentioned that during the course of this research, the viscosity and 
thermal conduction influence has been neglected. In the vector form, this system can be written as follows (1) – (5): 
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The full system of magnetohydrodynamic equations slightly differs from the full system of hydrodynamic 
equations. The equations for the Faraday's law (6) and the magnetic divergence constraint (7) should be added. 
Equation of motion (8) should be rewritten to include magnetic field influence. 
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In our investigation, we use Cartesian coordinate system x, y, z. The equilibrium magnetic field lies in the (x,-z) 
i.e. 00000 cossin zBxBB
KKK  DD , here 0B  is an absolute value for the magnetic-field vector, D – an angle 
365 D.I. Zavershinskiy et al. /  Procedia Engineering  106 ( 2015 )  363 – 367 
with respect to the z-axis and 00 , zx
KK  are the unit vectors. The wave propagation is fixed to be in the z-direction, 
dependences upon x and y ignored )0(  ww ww yx . Plasma medium has been assumed to be fully-ionized.  
The nonlinear acoustic equation [9] describing dynamics of weak waves has been obtained by the use of 
perturbation theory. This equation can be written using dimensionless function of automodel variables  0W[ ff ctcx , 0WHty   in the following form. 
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Here, we use notations for high-frequency(10) and low-frequency (11) coefficients. 
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We also use some following notations 
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In (9) – (11) mkСС BVP / ff , 0000 / * mTkС TBV , 000000 /)( * mTkС TBP UU , 00 ,0 )/( TT T Uww  , 
00 ,0 )/( TUU Uww  . Here, the quantities 00 , PV СС   are the low-frequency specific heats at the constant volume 
and the constant pressure in a gas with energy gains, respectively. The quantities 0,ссf  are so-called high-
frequency and low-frequency sound speeds, 0W  is a characteristic heating time, 0Q  – stationary value of the heating 
rate. This equation is similar to nonlinear equation describing wave dynamic in nonequilibrium medium with 
exponential relaxation law [11], but its coefficients have a different form and nature. 
Using the similar method, we have obtained nonlinear magnetoacoustic equation [10] (12). This equation 
describes evolution of the slow and fast magnetoacoustic waves in the thermally unstable plasma medium. It can be 
written using dimensionless function of automodel variables 0,, /)( W9 sfsf ctcz ff , 0/WHt 8 . The coefficients 
of nonlinearity in this case have more lengthy form (13), (14). 
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here sfsf cc ,0, ,f  are high-frequency and low-frequency speeds of magnetoacoustic waves, indices f, s mean fast 
(sign “+” in (15) – (17) ) and slow (sign “–“) magnetoacoustic waves, ac  is the speed of Alfven waves. 
If the isentropic instability condition is satisfied [8] (18), than in the medium the positive feedback is realized and 
any weak acoustic perturbations can be amplified. 
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It can be easily seen, that nonlinear acoustic equation (9) and nonlinear magnetoacoustic equation (12) have a 
similar form. Therefore, it will be reasonable to describe their solution by the use only one equation, for example 
equation (12). Further, in this paper we will describe only automodel solution of equations. Both equation (9) and 
(12) have an automodel solution in the form of a strong asymmetric pulse (19), if condition (18) is satisfied. It can 
be written as follows: 
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The pulse propagates with the speed )2(2/ 0<<:<  ffpww  and has the discontinuous front and the long 
exponential tail; 8 = w9 , point 0=   indicates the front position. It has been shown in paper [12], that taking into 
account dissipation coefficients results in smoothing of pulse front. The pulse amplitude can be obtained analytically
)2/( 0<<: fpU . 
As was mentioned above the main goal of this investigation is comparison of wave structures in case of 
isentropic instability influence. Here we will provide comparison of a simple acoustic wave propagating in the 
gaseous medium and magnetoacoustic wave propagating in the gaseous medium. For simplicity, the case of 
magnetic field vector perpendicular to wave propagation direction is under consideration. In this case only fast 
magnetoacoustic wave can propagate in the medium. 
For convenience, we will characterize the magnetic field strength by the use of plasma beta. Plasma beta 
indicates the ratio of hydrodynamic plasma pressure to magnetic pressure. In case of beta equal to infinity, the fast 
magnetoacoustic wave becomes the purely acoustic wave. In our simulation, we use the heat-loss function in the 
following form: 
0.1:b20.1;:a2-0.2;:b1.38;0:a1;),( 2211       baba TTT UUU   (20) 
Media with such heat-loss functions (20) are isentropically unstable, but isochorically and isobarically stable. The 
structures of the autowave pulse ( f E ) and magnetoacoustic pulses for 5.0,2   EE  are shown on the Fig. 1. It 
can be easily seen that the magnetic field presence results in increasing of pulse length and decreasing of pulse 
amplitude. 
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Fig. 1. Structure of the autowave pulse.  
3. Conclusion 
In this paper, we have shown obtained nonlinear equations describing a weak perturbation dynamics in the 
thermally unstable gaseous and plasma media. The possible solution in the form of asymmetric autowave pulse is 
described as well. The analysis of fast magnetoacoustic pulse structure and acoustic pulse structure has shown that 
the magnetic field presence results in the decrease of pulse amplitude. 
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